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REMARKS 

Claims 97, 101-111 and 113-118 are pending in the application. 
These claims have all been cancelled without disclaimer or 
prejudice to applicants' right to pursue patent protection for 
the subject matter thereof in a subsequent application. New 
claims 119-143 are submitted herewith for the Examiner's 
review and consideration. These claims are completely 
supported by the application as filed (see below) and thus 
they raise no issue of new matter. Therefore, entry of this 
Amendment into the file of the application is respectfully 
requested such that claims 119-143 will be pending. 

In particular, support for the new claims 119-143 may be 
found, inter alia, in the specification as follows: claim 119: 
page 5, lines 4-7, page 11, lines 13-24, page 32, lines 1-20, 
page 65, lines 9-15, page 76, lines 19-21 and Figure 1; claim 
120 : page 12, lines 15-16; claims 121-124 : page 13, lines 8- 
26; claims 125-127 : page 14, lines 1-5; claim 128 : page 53, 
line 35 to page 54, line 4; claim 129 : see support for claims 
119-128; claim 130 : pages 77-78 and the Experimental Results; 
claim 131 : page 5, lines 4-7, page 11, lines 13-15, page 15, 
lines 11-22, page 32, lines 1-20, page 65, lines 9-15, page 
76, lines 19-21 and Figure 1; claim 132 : page 5, lines 4-7, 
page 11, lines 13-15, page 15, line 26 to page 16, line 20, 
page 32, lines 1-20, page 65, lines 9-15, page 76, lines 19-21 
and Figure 1; claims 133-135 : page 17, lines 5-10; claims 136- 
137 : page 18, lines 5-10; claims 138-139 : page 55, lines 10- 
14; claim 140 : page 93, lines 1-3; claim 141 : page 54, lines 
19-21, page 66, lines 4-14 and page 87, lines 27-30; claim 
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142 : page 54, lines 19-21 and claim 143 : page 5, lines 4-7, 
page 11, lines 13-15, page 15, line 26 to page 16, line 20, 
page 32, lines 1-20, page 65, lines 9-15, page 76, lines 19- 
21, pages 77-78, Figure 1 and the Experimental Results. 

Claim Rejections Withdrawn 

Applicants note with appreciation the Examiner's statement in 
1J4 on p. 2 of the Office Action that the rejection of claims 
97, 101-111, and 113-118 under 35 U.S.C. 112, . second 
paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which 
applicants regard as the invention, is withdrawn in view of 
the amendment to the claims. 

The Examiner further stated in 1j5 on p. 2 of the Office Action 
that the rejection of claims 97, 101-111, and 113-118 under 35 
U.S.C. 112, first paragraph as containing subject matter which 
was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the 
inventors, at the time the application was filed, had 
possession of the claimed invention, is withdrawn in view of 
the arguments presented in the amendment. 

Objection to the Disclosure 

The Examiner stated in 1J6 on p. 3 of the Office Action, that 
the prior objection to the disclosure is maintained for the 
reasons as set forth in the Office Action mailed June 19, 1998 
(Paper No. 16) . The Examiner further stated that applicants 
submit they will provide a new Figure 6B to overcome the 
rejection when the case is in condition for allowance. The 
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Examiner additionally stated that until applicants submit a 
proper Figure the objection is maintained. 

In response to the above Objection, applicants submit that 
they will provide a new Figure 6B upon indication of allowable 
subject matter. 

Obviousness-Type Double Patenting Rejections 

The Examiner has provisionally rejected claims 97, 101-111 and 
113-118 as unpatentable due to obviousness-type double 
patenting over claims 78-92 and 94-99 of copending Application 
No. 08/477,097 for the reasons made of record in Paper No. 20, 
mailed October 6, 1999, and Paper No. 22, mailed June 27, 
2000. The Examiner states that applicants argue only that the 
rejection should be withdrawn if the claims are found to be 
allowable . 

The Examiner has also provisionally rejected claims 97, 101- 
111 and 113-118 as unpatentable due to obviousness-type double 
patenting over claims 78-93 and 95-100 of application No. 
08/475, 084 for the reasons made of record in Paper No. 20, 
mailed October 6, 1999 and Paper No. 22, mailed June 27, 2000. 
The Examiner stated that applicants argue only that the 
rejection should be withdrawn if the claims are found to be 
allowable . 

The Examiner has additionally provisionally rejected claims 
97, 101-111 and 113-118 as unpatentable due to obviousness- 
type double patenting over claims 109-122 of copending 
Application No. 08/477,147. The Examiner stated that although 
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the claims are not identical, they are not patentably distinct 
from each other because the claims of 08/477,147 also 
encompass the same composition as that which is instantly 
claimed (a conjugate comprising a ganglioside derivative with 
an altered ceramide portion conjugated to an immunogenic 
protein based carrier, a saponin, and a pharmaceutical^ 
acceptable carrier, and a method of treatment using such) . The 
Examiner stated that the rejection is maintained for the 
reasons of record, as applicant argues only that the rejection 
should be withdrawn if the claims are found allowable. 

The provisional double-patenting rejections of claims 97, 101- 
111 and 113-118 over claims of Application Nos . 08/477, 097 ; 
08/475,084 and 08/477,147 are respectfully traversed. In 
response to these rejections, applicants respectfully submit 
that M.P.E.P. §804 IB, in discussing provisional double- 
patenting rejections between copending applications, requires 
that the: 

provisional' double patenting rejection should continue 
to be made by the examiner in each application as long 
as there are conflicting claims in more than one 
application unless that 'provisional' double patenting 
rejection is the only rejection remaining in one of the 
applications. If the 'provisional' double patenting 
rejection in one application is the only rejection 
remaining in the application, the examiner should then 
withdraw that rejection and permit the application to 
issue as a patent, thereby converting the 'provisional' 
double patenting rejection in the other application into 
a double patenting rejection at the time one application 
issues as a patent, (emphasis supplied by applicants) . 



Applicants submit, therefore, that for the reasons discussed 



Applicants: Philip O. Livingston and Friedhelm Helling 

Serial No. : 08/196,154 

Filed : November 16, 1995 

Page 13 

below, new claims 119-143 are believed to distinguish the 
invention over all of the references cited by the Examiner to 
reject claims 97, 101-111 and 113-118, which rejections should 
therefore be withdrawn. Following such withdrawal, the only 
remaining rejection in this application would be the double- 
patenting rejection of the claims. In accordance with the 
M.P.E.P. section quoted above, the provisional double- 
patenting rejection should thus be withdrawn to permit the 
application to issue as a patent. Such action is' therefore 
respectfully solicited. 

New Grounds of Rejection 

The Examiner stated in 1J10 at pages 5-7 of the Office Action 
that claims 97, and 101-110 are - rejected under 35 U.S.C. 
103(a) as being unpatentable over Wiegand et al U.S. Patent 
5,599,914; issued Feb. 4, 1997; filed Nov. 24, 1989 
('"Wiegand") in view of Fiume et al., Critical .Rev. Therapeutic 
Drug Carrier Systems, 4 (4 ): 265-284 , 1998 ("Fiume"), Ritter et 
al., Seminars in Cancer Biology, 2:401-409, 1991 ("Ritter"), 
Kensil et al., The Journal Of. Immunology, 146 (2) : 431-437, 1991 
("Kensil"), Marciani et al., Vaccine, 9:89-96, 1991 
("Marciani") and Uemura et al., J. Biochem, 79 (6) : 1253-1261, 
1976 ("Uemura") . 

The Examiner stated that Wiegand discloses modified 
glycosphingolipids (GM3, GD3, GM2 and GM1) . The Examiner 
stated that Wiegand discloses a method for chemical 
modification of the sphingoid portions of glycosphingolipids 
to make glycosphingolipids capable of coupling to proteins, 
citing to the abstract of the reference. The Examiner stated 
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that Wiegand discloses that the method of chemical 
modification is that of ozonolysis at the C-4 double-bond of 
the sphingosine base resulting in the formation of a reactive 
aldehyde species (citing to col. 2, line 43-col. 3, line 67). 
The Examiner stated that Wiegand discloses that the aldehyde 
group is susceptible to reductive amination. The Examiner 
further stated, however, that Wiegand fails to disclose 
conjugation of the modified glycosphingolipid to KLH via an 
amine linkage between the C-4 carbon of sphingosine base and 
an e-aminolysyl group of KLH. The Examiner additionally stated 
that Wiegand also fails to disclose a composition that 
comprises a saponin derivable from the bark of the Quillaja 
saponaria Molina tree (QS-21) . 

The Examiner stated that Fiume teaches that reductive 
amination of reactive aldehyde species with proteins having e- 
lysine groups is well known in the art (citing to pages 268- 
269) . The Examiner stated that specifically, Fiume teaches 
that the aldehyde group of a galactosyl residue may be reacted 
with a £-lysine of a protein. 

The Examiner stated that Ritter teaches that IgG responses to 
gangliosides may be increased by the covalent attachment of 
foreign carrier proteins such as KLH to the gangliosides, 
resulting in the T cell help necessary for the response 
(citing to page 406, paragraph 1) . The Examiner stated that 
Ritter teaches that the advantage of inducing an IgG antibody 
response (versus IgM) against gangliosides is that IgG: a) has 
a higher affinity, b) is better able to penetrate solid 
tissues, c) is able to mediate antibody-dependent cell- 
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mediated cytotoxicity, and d) is generally detectable in the 
serum for longer periods after immunization. 

The Examiner stated that Kensil et al teach that QS-21 (i.e., 
the instant carbohydrate derivable from the bark of a Quillaja 
saponaria Molina tree) produced a higher antibody response 
than conventional aluminum hydroxide (citing to page 433, 
column 2, paragraph 4, and Figure 3). The Examiner stated that 
Kensil et al also teach that the immune responses obtained 
with QS-21 reached a plateau at doses between 10-80 yig in mice 
(citing to page 433, column 1, paragraph 3) . 

The Examiner stated that Marciani et al teach that the use of 
QS-21 adjuvant was useful because it did not cause a toxic 
reaction in cats (citing to page 93, paragraph 1) . 

The Examiner stated that Uemura et al teach that the 
ozonolysis and reduction of various sphingolipids did not 
affect the haptenic reactivity of the ganglioside derivative 
with antibodies. 

The Examiner thus concluded that it would have been prima 
facie obvious to one of ordinary skill in the art at the time 
the invention was made to have used the modified GM2 
glycosphingolipids of Wiegand to make GM2 glycoconjugates that 
are the same as those claimed. The Examiner stated that 
Wiegand teaches a modified glycosphingolipid that has a 
reactive aldehyde group (at the C-4 position of the 
sphingosine base) that may be used for coupling to proteins as 
taught by Fiume, because Fiume demonstrates that methods of 
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reductive amination to link proteins, via S-lysine residues, 
to reactive aldehyde groups is known in the art. The Examiner 
stated that because Wiegand teaches- a method of ozonolysis 
that results in the formation of a reactive aldehyde species, 
the bond that would be formed between the C-4 carbon of the 
sphingosine base and the KLH would be an amino linkage that 
would case the C-4 carbon to be present in a CH 2 group. The 
Examiner then stated that it would have been further prima 
facie obvious to one of ordinary skill in the art to have used 
KLH as the protein carrier because, as Ritter teaches, the 
attachment of gangliosides to carrier proteins such as KLH 
increases IgG responses to gangliosides. The Examiner also 
stated that it would have been prima facie to one of ordinary 
skill in the art to add QS-21, because, as taught by Kensil, 
it provides for a higher antibody response, and QS-21 provides 
the advantages that it is not toxic to animals (citing to the 
Marciani reference) . 

The Examiner stated that it also would have been prima facie 
obvious to optimize the doses of QS-21 in the composition, and 
that it would have been prima facie obvious to one of ordinary 
skill- in the art to optimize the weight ratio of the 
components of the composition to provide an optimal response. 

The Examiner then stated that one would have reasonably 
expected the conjugation procedure to work as substituted 
because conjugation through the £-aminolysyl groups of carrier 
proteins for enhancing immunogenicity is routine in the art 
and, as Uemura (1976) teaches, ozonolysis and reduction of 
various sphingolipids does not affect the haptenic reactivity 
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with antibodies. 



Applicants .respectfully traverse this new ground of rejection. 
The invention recited in the new claims 119-143 submitted 
herewith is not suggested to one of ordinary skill in this 
field of art by the disclosure of the above-cited references, 
whether they are taken alone or in combination, for the 
reasons set forth below. 

Turning first to Wiegand, the subject reference is directed to 
the chemical modification of the sphingoid portions of 
glycosphingolipids and the subsequent coupling of such 
modified glycosphingolipids to other molecules, such as 
proteins. The glycosphingolipids useful in the process 
disclosed by the reference, however, are disclosed in a 
generic fashion with no teaching or suggestion that any 
particular species within this genus would perform more 
effectively than any other, i.e., when linked to form an 
immunoconjugate composition such as is taught and claimed in 
the present application. This broad scope of disclosure is 
specifically demonstrated in, for example, Example B of the 
reference (commencing at column 5), which describes, inter 
alia, the preparation and subsequent coupling of reductively 
aminated ozonolysis products of the gangliosides GM3, GD3, GM2 
and GM1. No particular ganglioside is described as being 
preferred or as performing more effectively than any of the 
other gangliosides falling within the scope of the reference. 
In particular, there is no teaching or suggestion that the 
modification and conjugation of, specifically, a derivative of 
the GM2 ganglioside (as specifically recited in applicants' 
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new independent claims) would produce a composition having 
properties superior in any fashion to those obtained with the 
use of any other (s) of the gangliosides falling within the 
scope of the genus of glycosphingolipids disclosed in the 
reference. 

Several additional features which further distinguish the 
invention from the Wiegand reference are'pointed out. by the 
Examiner herself in the Office Action. In particular, the 
Examiner stated (as noted above) on page 5 of the Office 
Action that: (i) Wiegand fails to disclose conjugation of the 
modified glycosphingolipid to KLH, (ii) Wiegand fails to 
disclose conjugation via an amine linkage between the C-4 
carbon of sphingosine base and an 8-aminolysyl group of KLH, 
and (iii) Wiegand also fails to disclose a composition that 
comprises a saponin derivable from the bark of a Quillaja 
saponaria Molina tree (i.e., QS-21). 

The presently claimed invention is thus distinguishable and 
therefore patentable over Wiegand on several grounds, as 
discussed below. First, the Wiegand reference contains no 
teaching or disclosure which would suggest to one of ordinary 
skill in this art to use, in particular, the GM2 ganglioside 
derivative specifically recited in applicants' claims, in an 
immunocon jugate of the present invention. Second, there is no 
disclosure in the Wiegand reference which teaches or suggests 
the conjugation of a (modified) glycosphingolipid with Keyhole 
Limpet Hemocyanin ("KLH"), i.e., the specific immunogenic 
protein recited in claims 119-143 now pending in the 
application. That' is, the only particular example of an 
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immunogenic protein disclosed in Wiegand is human serum 
albumin ("HSA") (see, e.g., col. 5, lines 25-30). Third, there 
is no disclosure in Wiegand which would suggest the 
formulation of, specifically, a GM2-KLH conjugate with QS-21. 
As noted above, the Office Action states (see p. 5) that 
Wiegand fails to disclose a composition that comprises a 
saponin derivable from the bark of a Quillaja saponaria Molina 
tree, i.e., QS-21. Fourth, it is not obvious from the 
disclosure of the reference that a vaccine comprised of a 
conjugate of a GM2 ganglioside derivative coupled to KLH, and 
a saponin derivable from the bark of a Quillaja saponaria 
Molina tree would provide a superior immunogenic effect in 
human cancer patients. 

More particularly, with regard to the issue of whether it 
would be obvious to one of ordinary skill in this art to 
couple a GM2 ganglioside derivative to KLH, the Examiner as 
noted above stated in the Office Action that Wiegand does not 
teach or suggest such a construct. The Examiner thus has cited 
the Ritter reference in an effort to supply this missing 
element. There is, however, no teaching in either the Wiegand 
reference or the Ritter reference to suggest the combination 
of their disclosures. The references, moreover, teach away 
from such a combination in that while Wiegand does disclose 
the conjugation of a modified glycosphingolipid to a carrier, 
the particular carrier taught for use by the patentee is human 
serum albumin ("HSA"), see, e.g., Example B at col. 5, lines 
24-28. In contrast, Ritter discloses the use of Keyhole Limpet 
Hemocyanin ("KLH") as the immunogenic carrier protein. There 
is thus no support for the Examiner's proposed combination of 
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Wiegand and Ritter. 

Further to the above, there is also no disclosure contained in 
the remaining cited references to suggest to one of ordinary 
skill in this art the formation of a GM2-KLH conjugate in 
combination with QS-21. The Examiner acknowledged in the 
Office Action (see p. 5) that Wiegand fails to disclose a 
composition comprising a saponin derivable from the bark of a 
Quillaja saponaria Molina tree. Ritter also contains no such 
disclosure. The Examiner thus cited the Kensil and Marciani 
references for their disclosure (noted above) concerning QS- 
21. Neither of these references, however, discloses the 
conjugation of a modified ganglioside derivative with an 
immunogenic protein carrier such as KLH . Moreover, as 
demonstrated by the Experimental Results described in the 
present application, the inclusion of the QS-21 adjuvant in 
the claimed composition provides unexpectedly improved results 
over those obtained with the use of other known adjuvants. 
Applicants submit, therefore, that these improved results 
evidence that the inclusion of the QS-21 adjuvant in a 
composition comprising the GM2 ganglioside derivative-KLH 
conjugate would not be obvious to one of ordinary skill in 
this art. 

In summary, therefore, as recognized by the Examiner in her 
Office Action, and as further established by the arguments 
provided herein, the combination of Wiegand with any or all of 
the Ritter, Kensil and Marciani references neither teaches nor 
suggests the formation of a GM2-KLH conjugate in combination 
with QS-21, utilizing the specific mode of linking the 
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conjugate together as recited in the claims. For this reason, 
the invention as presently claimed is believed to patentably 
distinguish over the cited references. 

Moreover, the Experimental Results portion of applicants' 
specification conclusively demonstrates that the presently 
claimed composition incorporating GM2 ganglioside derivatives 
is very successful in stimulating or enhancing the production 
of antibodies in human subjects so as to treat and/or prevent 
cancers, particularly melanoma, in such human subjects. Such a 
result could not have been predicted from the cited art. 
Applicants attach hereto as Exhibit A a copy of a paper by 
Ragupathi, et al., "Introduction of Antibodies Against GD3 
Ganglioside in Melanoma Patients By Vaccination With GD3- 
Lactone-KLH Conjugate Plus Immunological Adjuvant QS-21", Int . 
J. Cancer : 85 659-666 (2000) . Exhibit A clearly demonstrates 
that compositions based on the GD3 ganglioside-KLH +QS-21 are 
NOT effective in stimulating the production of GD3 antibodies 
in humans. In particular, the authors stated at p. 665, second 
column, H2, lines 18-19 that, "GD3-KLH failed to induce 
antibody against GD3 ". (emphasis supplied by applicants). 
Applicants submit, therefore, that the improved results 
obtained with the GM2 ganglioside derivatives conjugated to 
KLH (as recited in the claims) + QS-21, in contrast to the 
poor results achieved with a comparable GD3-KLH conjugate + 
QS-21, as described by the authors of the subject Exhibit, 
provide convincing evidence that the presently claimed 
invention would NOT be obvious to one of ordinary skill in 
this art over the cited references, whether such references 
are taken alone or in any combination. 
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Applicants therefore submit that for the preceding reasons the 
invention as presently claimed is distinguishable over the 
Wiegand, Ritter, Kensil and Marciani references cited in 
combination to reject claims 97 and 101-110. Whether the 
references are taken individually or in combination, the 
arguments above clearly support applicants 7 position that the 
invention as presently claimed is not obvious over the 
disclosure of the cited prior art, 1,2 Moreover, as discussed 
in the footnotes below, neither the Fiume nor the Uemura 
references, cited by the Examiner in combination with the 
Wiegand, Ritter, Kensil and Marciani references to reject 
claims 97 and 101-110, supply the elements missing from the 
above-discussed references in a manner so as to render the 
invention as now claimed obvious to one of ordinary skill in 
this art. The Examiner is thus respectfully requested to 
reconsider and withdraw her rejection of claims 97 and 101-110 



1 * The Fiume reference cited by the Examiner in combination with the other references discussed above to 
reject the claims relates to the placement of an aldehyde derivative on the sugar portion of a sphingolipid 
and linking this structure to a £-amino group of lysine located upon a protein. The Examiner's suggestion on 
p. 6 of the Office Action that Fiume has a more generic teaching, i.e., that it teaches that reductive 
animation of reactive proteins having E-lysine groups is well known in the art is not supported by the 
disclosure of the reference, which is limited to the chemistry of sugar-based compositions. Moreover, as 
shown, for example, in the paper by Ritter et al attached hereto as Exhibit B , entitled, "Antibody Response 
To Immunization With Purified GD3 Ganglioside and GD3 Derivatives (Lactones, Amide and 
Gangliosidol) in the Mouse", Immunobiol.:182 32-43 (1990) it was well known in the art that at least as of 
the date of the reference the conjugation of ganglioside derivatives through the sugar portion did not 
provide a composition effective for stimulating or enhancing the production of antibodies (see, e.g., Table I 
on p. 34). 

2 Further according to the Examiner (at p. 6 of the Office Action) the Uemura reference additionally cited 
in combination with the other above-discussed references to reject the claims teaches that the ozonolysis 
and reduction of various sphingolipids did not affect the haptenic activity of the ganglioside derivative with 
antibodies. The Ragupathi reference attached as Exhibit A , however, demonstrates that the Examiner's 
statement is not generally correct, since the GD3-based conjugate, formed with ozonolysis and reduction of 
the sphingolipid, "[f]ailed to induce antibody against GD3" (see p. 665), thus demonstrating that haptenic 
activity of certain sphingolipids can be negatively affected by such ozonolysis and reduction. 
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based on the references discussed above. 



In 1jll of the Office Action, claims 97, 101-111, 113 and 115- 
118 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Wiegand, Fiume and Livingston et al., Cancer Research, 
149:7045-7050, 1989 ("Livingston") in view of Ritter, 
Livingston et al. U.S. Patent No. 5,102,663 ("Livingston '663 
patent"), Kensil, Marciani and Uemura. 

With regard to this rejection the Examiner stated that, as 
discussed above, Wiegand in combination with Fiume teaches a 
glycocon j ugate as claimed in claim 97. 

The Examiner additionally stated that Livingston teaches that 
melanoma recurrence was delayed in patients developing GM2 
antibodies after treatment with the composition (citing to 
page 7048, paragraph 1 and column 2, paragraph 2) . The 
Examiner stated that Livingston et al teach that more patients 
produced IgM antibodies than IgG antibodies to the GM2 (citing 
to page 7047, paragraph bridging columns 1-2) . The Examiner 
additionally stated that Livingston et al. also teach the 
gangliosides ■ GM2 , GD2 and GD3 are expressed on the cell 
surface of human malignant melanomas (citing to page 7045, 
column 1, paragraph 2). 



The Examiner stated that Ritter (1991) teaches that IgG 
responses to gangliosides may be increased by the covalent 
attachment of foreign carrier proteins such as KLH to the 
gangliosides, resulting in the T cell help necessary for the 
response (citing to page .406, paragraph 1). The Examiner 



Applicants 
Serial No. 
Filed 
Page 2 4 



Philip 0. Livingston and Friedhelm Helling 
08/196, 154 
November 16, 19 95 



stated that Ritter teaches that the advantage of inducing an 
IgG antibody response (versus IgM) against gangliosides is 
that IgG: a) has a higher affinity, b) is better able to 
penetrate solid tissues, c) is able to mediate antibody- 
dependent cell-mediated cytotoxicity, and d) is generally 
detectable in the serum for longer periods after immunization. 

The Examiner stated that the Livingston '663 patent teaches 
that gangliosides GM3, GM2, GD3, GD2, GT3 and O-acetyl GD3 are 
gangliosides that are prominent cell-membrane components of 
melanoma and other tumors of neuroectodermal origin (citing to 
column 1, lines 22-28). 

The Examiner stated that Kensil et al teach that QS-21 (i.e., 
the instant carbohydrate derivable from the bark of a Quillaja 
saponaria Molina tree) produced a higher antibody response 
than conventional aluminum hydroxide (citing to page 433, 
column 2, paragraph 4, and Figure 3) . The Examiner also stated 
that Kensil et al also teach that the immune responses 
obtained with QS-21 reached a plateau at doses between 10-80 
lag in mice (citing to page 433, column 1, paragraph 3) . 

The Examiner further stated that Marciani et al teach the use 
of QS-21 adjuvant was because it did not cause a toxic 
reaction in cats (citing to page 93, paragraph 1) . 

The Examiner next stated that Uemura et al teach that the 
ozonolysis and reduction of various sphingolipids did not 
affect the haptenic reactivity of the ganglioside derivative 
with antibodies. 
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The Examiner then stated that it would have been prima facie 
obvious to one of ordinary skill in the art at the time the 
invention was made to have used the modified GM2 
glycosphingolipids of Wiegand to make GM2 glycoconjugates that 
are the same as those claimed, and then to have used the 
glycoconjugates in compositions for stimulating or enhancing 
antibody production or in a method of treating cancer, because 
Livingston teaches that melanoma recurrence is delayed in 
patients developing GM2 antibodies after treatment with 
vaccines comprising GM2 (citing to page 7048, paragraph 1 and 
column 2, paragraph 2) . The Examiner stated that Livingston et 
al teach that more patients produced IgM antibodies than IgG 
antibodies to the GM2 (citing to page 7047, paragraph bridging 
columns 1-2) . The Examiner stated that Livingston et al also 
teach the ganglioside GM2 is expressed on the cell surface of 
human malignant melanomas (citing to page 7045, column 1, 
paragraph 2) . The Examiner stated that it would have been 
prima facie obvious to one of ordinary skill in the art at the 
time the invention was made to have added QS-21 as an adjuvant 
to the GM2-KLH conjugate for use as a vaccine because the 
conjugated composition would be expected to enhance the TgG 
response to the gangliosides , as- taught by Ritter et al 
(1991), thus providing the advantages of Ritter et al (1991) 
and that, as Kensil teaches, adding the QS-21 is advantageous 
because it provides for a higher antibody response than the 
commonly used adjuvant. The Examiner additionally stated that, 
in addition, QS-21 provides the advantage that it is not toxic 
to animals (citing to the Marciani reference) . 
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The Examiner then went on to state that it also would have 
been prima facie obvious to one of ordinary skill in the art 
to optimize the doses of QS-21 in the composition and that it 
would have been additionally prima facie obvious to one of 
ordinary skill in the art to optimize the weight ratio of the 
components of the composition to provide an optimal response. 

The Examiner next stated that one would have reasonably 
expected the conjugation procedure to work as substituted 
because conjugation through the £-aminolysyl groups of carrier 
proteins for enhancing immunogenicity is routine in the art 
and, as Uemura (1976) teaches, ozonolysis and reduction of 
various sphingolipids does not affect the haptenic reactivity 
with antibodies. 

The Examiner stated that optimization of the dosage, route of 
immunization and number of sites of immunization to administer 
the composition is well within the skill of the ordinary 
artisan . 

The Examiner then repeated that one would have reasonably 
expected the conjugation procedure to work as substituted 
because conjugation through £-aminolysyl groups of carrier 
proteins for enhanced immunogenicity is routine in the art and 
Uemura et al (J. Biochem, 79 ( 6) : 1253-1261 , 1976) teach that 
the ozonolysis and reduction of various sphingolipids did not 
affect the haptenic reactivity with antibodies. 



Applicants respectfully traverse the above--cited ground for 
rejection of claims 97, 101-111, 113 and 115-118. In the 
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discussion above with respect to the previous ground of 
rejection, applicants established that their invention is 
patentably distinguishable over six of the eight references 
cited in combination to reject claims 97, 101-111, 113 and 
115-118, i.e., Wiegand, Fiume, Ritter, Kensil, Marciani and 
Uemura. The arguments concerning those references, which are 
specifically incorporated herein by reference, are not 
repeated here. The two new references in the combination are 
'Livingston et al., Cancer Research, 149: 7045-7050 (1989) 
("Livingston") and Livingston et al. U.S. Patent No. 5,102,663 
("the Livingston '663 patent") . As discussed below, neither 
Livingston, nor the Livingston '663 patent, taken in 
combination with the other six references discussed above, 
would have rendered the invention as presently claimed obvious 
to one of ordinary skill in this field of art. 

The Livingston reference was cited by the Examiner for its 
disclosure (1) concerning the effect of GM2 antibodies on 
melanoma recurrence, (2) that more patients produced IgM 
antibodies than IgG antibodies to the GM2, and (3) that the 
gangliosides GM2, GD2 and GD3 are expressed on the cell 
surface of human malignant melanomas. The reference does not, 
however, provide the elements missing from the disclosure of 
the six references discussed above, i.e., there is no teaching 
or suggestion in Livingston to form a conjugate comprising a 
conjugate of a GM2 ganglioside derivative to Keyhole Limpet 
Hemocyanin, in combination with a saponin derivable from the 
bark of a Quillaja saponaria Molina tree, wherein in the 
conjugate the ganglioside derivative is covalently bound to 
the Keyhole Limpet Hemocyanin by a stable amine bond between 
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the C-4 carbon of the altered sphingosine base of the altered 
ceramide portion of the ganglioside derivative and the 
nitrogen of the £-aminolysyl group of Keyhole Limpet 
Hemocyanin. These features of the invention are found in each 
of the new independent claims of the application, including 
method claim 131 directed to a method of stimulating or 
enhancing production of an antibody using a GM2 ganglioside 
derivative, claim 132 directed to a method of treating a 
cancer in a subject and claim 143 directed to a method of 
delaying recurrence of melanoma in subjects at risk of relapse 
of melanoma, but are not found within the cited reference. 
Thus, as the Livingston reference fails to provide the 
elements of the invention missing from the cited prior art, 
new claims 119-143 are believed to distinguish the invention 
over the reference, whether taken alone or in the combination 
relied upon by the Examiner. 

The Livingston '663 patent teaches that certain gangliosides 
(i.e., GM3, GM2, GD3, GD2, GT3 and 0-acetyl GD3) are prominent 
cell-membrane components of melanoma and other tumors of 
neuroectodermal origin. In like manner to the Livingston 
reference discussed above, the Livingston '663 patent neither 
discloses nor suggests the compositions set forth in 
applicants' new claims, wherein the conjugate is linked in the 
manner recited, nor the methods claimed for using the claimed 
composition for stimulating or enhancing antibody production, 
for treating cancer and for preventing the relapse of melanoma 
in subjects at risk of such relapse. Therefore, the invention 
as recited in- applicants' new claims 119-143 is clearly 
patentably distinct over the Livingston '663 patent taken 
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alone or in combination with the other cited references relied 
upon by the Examiner. The Examiner is thus respectfully 
requested to reconsider and withdraw the rejection of claims 
97, 101-111, 113 and 115-118 based upon the cited combination 
of references. 

In H12 of the Office Action, claim 114 is rejected under 35 
U.S.C. 103(a) as being unpatentable over Wiegand in view of 
Fiume, Livingston, Ritter, the Livingston '663 patent, Kensil, 
Marciani and Uemura as applied to claims 78, 80-92, 94 and 96- 
99 above [ sic. , claims 97, 101-111, 113 and 115-118] and 
further in view of Irie et al. U.S. Patent No. 4,557,931 ("the 
Irie x 931 patent") - 

With regard to this rejection the Examiner stated that the 
teachings of Wiegand, Fiume, Livingston et al (1989), Ritter 
et al. (1991), Livingston et al. (U.S. Patent No 5,102,663), 
Kensil (1991), Marciani (1991) and Uemura (1976) are already 
discussed in the Office Action. The Examiner stated that the 
combination differs [i.e., from the invention] by not teaching 
the administration of the composition for treating cancer of 
epithelial origin . 

The Examiner stated that Irie et al teaches that the 
ganglioside GM2 is found on or in tumors of a variety of 
histological types including melanoma and breast carcinomas 
(citing to column 1, lines 28-31). 

The Examiner stated that it would have been prima facie 
obvious to one of ordinary skill in the art at the time the 
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invention was made to administer the GM-2-KLH con jugate/QS-21 
composition or other ganglioside conjugate/QS-21 composition 
as combined supra to patients afflicted with or susceptible to 
a recurrence of cancer of an epithelial origin (i.e. breast 
carcinomas) because the ganglioside GM-2 is found' in the 
stroma of the tumor as taught by Irie et al and one of 
ordinary skill in the art would expect that the antibodies 
produced by the composition react with the tumor and treat the 
disease . 

Applicants respectfully traverse this rejection for the 
reasons provided below. The newly cited reference relied upon 
in the rejection of claim 114 is the Irie '931 patent. Each of 
the other references cited in combination with the Irie '931 
patent to reject applicants' claim 114 . is discussed and 
distinguished above. Thus, these arguments are not repeated 
here, although they are specifically incorporated into this 
discussion by reference thereto. 

The Irie '931 patent is cited, as noted above, for its 
disclosure that the ganglioside GM2 is found on or in tumors 
of a variety of histological types, including melanomas and 
breast carcinomas. The cited reference, however, does not 
provide the elements missing from the references discussed 
above, i.e., it does not disclose or suggest the claimed 
composition comprising a conjugate covalently bound as recited 
in the claims, and also including a saponin derivable from the 
bark of a Quillaja saponaria Molina tree, or the method of 
using such composition to enhance or stimulate antibody 
production, to treat cancer, or to prevent relapse of melanoma 
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in patients at risk of such relapse. For this reason, the 
present claims (nos. 119-143) are believed to patentably 
distinguish over the Irie ^931 patent, taken alone or in the 
combination relied upon by the Examiner to reject claims 97, 
101-111, 113 and 115-118. The Examiner is thus respectfully 
requested to reconsider and withdraw the rejection of claim 
114 under 35 U.S.C. §103 (a). 

Summary 

For the reasons set forth hereinabove, applicants respectfully 
request that the Examiner reconsider and withdraw the various 
grounds of objection and rejection set forth in the Office 
Action and earnestly solicit allowance of the now pending 
claims, i.e., new claims 119-143. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' attorneys 
invite the Examiner to telephone either of them at the number 
provided below. 
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No fee is believed to be due with this Amendment. However, 
should any fee be due, authorization is hereby given to charge 
the required amount of such fee to Deposit Account No. 03-3125 



Respectfully submitted, 



I hereby certify that this 
correspondence is being deposited 
this date with the U.S. Postal 
Service with sufficient postage as 
first class mail in an envelope 
addressed to: Assistant Commissioner 
for^Patents, Washington, D.C. 20231. 

John V. White OateV 
Reg. No. 28,678 ¥ 
Mark A. Farley 
'Reg. No. 33,170 




John P. White 
Registration No. 28,678 
Mark A. Farley 
Registration No. 33,170 
Attorneys for Applicant (s) 
Cooper & Dunham, LLP 
1185 Avenue of the Americas 
New York, New York 10036 
(212) 278-0400 
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INDUCTION OF ANTIBODIES AGAINST GD3 GANGLIOSIDE IN MELANOMA 
PATIENTS BY VACCINATION WITH GD3-LACTONE-KLH CONJUGATE PLUS 
IMMUNOLOGICAL ADJUVANT QS-21 
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The ganzliostdes GD3, GD2 and GM2 are expressed on the 
cell surface of malignant melanomas, GD3 being Che most 
abundant. W« have shown that immunisation of melanoma 
patients with GM2 adherent Co Bacillus CaJmette-Guerin 
(GM2/BCC) induced an IgM antibody re&ponsc Vaccines con- 
taining GM2-keyhole limpet hemocyanin (KLH) conjugate 
and cho immunological adjuvant QS-21 Induced a hiyhtr titer 
IgM response and consistent IgG antibodies. Patients with 
antibodies against GM2 survived longer than patients without 
antibody. On the other hand, our previous triaJs with GD3/ 
BCG. GDJ derivatives including GD3-lactone (GD3-L)/BCG 
failed to induce antibodies against GD3. In our continuing 
efforts to induce antibody against GD3, we have immunized 
groups of 6 melanoma patients with GD3-KLH or GD3-L- 
KLH conjugates containing 30 u.g of gang'lioside plus 100 u»g 
of QS-2 1 at 0, 1,2,3,7 and 1 9 weeks. Prior to vaccination, no 
serological reactivity against GD3 or GD3-L was detected. 
After immunization, IgM and IgG antibodies were detected 
against both GD3 and GD3-L in the GD3-L group exclusively. 
The GD3-L-KLH vaccine induced IgM titers against GD3.L of 
1:40-1/1,280 in all patients and IgG titers of 1/160-1/1,280 in 
4 patients. These antibodies also strongly cross-reacted with 
GD3. ELISA reactivity was confirmed by immune thin-layer 
chromatography on GD3 and melanoma extracts. Sera ob- 
tained from 4 of these 6 patients showed cell surface reac- 
tivity by FACS and from 2 showed strong cell surface reac- 
tivity by immune adherence (IA) assay and complement lysis 
against the CD3 positive cell line 5K-Met-28. Int. J. Concer 8S: 
659-666. 3000. 

2000 Wiiey-Uss. Inc. 



Gangliosides are. sialic acid containing glycosphingolipids com* 
posed of a carbohydrate moiery attached to ceranridc. Gangliosides 
GM2. GD2 and GD3 are expressed on the cell surface of human 
malignant melanomas and other tumors of neuroectoderm*] origin. 
These antigens have been demonstrated to be susceptible targets 
for treatment with monoclonal antibodies (MAbd) and vaccines 
(Jurcic et at, 1997; Livingston, 1995; Raguparhi, 1996; Schein- 
berg and Chapman, 1995). Wc and others have shown that the 
credence of antibodies against GM2 (either naturally or vaccine 
induced) has been associated with an unexpectedly favorable dis- 
ease-free and overall survival. We demonstrated that the optimal 
way to immunize against GM2 is by vaccinating with GM2 co- 
valenUy conjugated to keyhole limpet hemocyanin (GM2-KLH) 
plus immunological adjuvant QS-21 (Helling et a2. f 1995). How- 
ever, GD3 is the dominant melanoma ganglioside and wc have 
been unable to induce antibodies against GD3 in melanoma pa- 
tients by active irninunizatioTJ with GD3 -expressing melanoma 
cells or puri&ed GD3 or GD3 congeners such as GDS-lactont plus 
Bacillus Calmette-Guerin (GD3-L/BCG) (Hitter et a/., 1991). 
However, GM3-L has been reported to be a more effective im- 
munogen than GM3 (Nores er ct, 1987), presumably due to the 
increased molecular rigidity resulting from Lactone ring formation, 
and the KLH conjugate vaccine is more immunogenic than the 
previous BCG vaccine. Consequently, wc have tested the iramu- 
nogenicity in melanoma patients of GD3-KLH plus QS-21 and 
GD3-L-KLH plus QS-21 vaccines and report the successful induc- 
tion of antibodies against purified GD3 and melanoma cells ex- 
pressing GD3 in the majority of patients. 



MATERIAL' AND METHODS 

Material 

GD3 extracted from bovine buttermilk was received from Ma- 
trcyn (Pleasant Gap, PA). GM1, GM2, GM3 and GD2 extracted 
from bovine brain, BSA, sodium cyanoborohydride, 4-chloro-l- 
naphtol and p-nitrophenyl phosphate were purchased from Sigma 
(St. Louis, MO). QS-21 (Kensil et al, 1991) w« obtained from 
AquiLa (Framing ham. MA). Clinical grade KLH was obtained 
from Perlromune (Rockville, MD). Goat anti-human IgG and IgM 
conjugated with alkaline phosphatase obtained from Kierkegaard 
and Perry (Gaithersburg, MD) were used for FT .ISA. Goat anti- 
human IgM or IgG labeled with fluorescein isothiocyanate (FITC) 
were obtained from Southern Biotechnology Associates (Birming- 
ham, AJL) and used in a fluorescence-activated cell sorter (FACS). 
Horseradish peroxidase -conjugated goat anti-human IgM and IgG 
purchased from TAGO (BurUngame, CA) was used for dot-blot 
immune staining and immune thin-layer chromatography (TTLC). 
Rabbit and -mouse immunoglobulins conjugated with horseradish 
peroxidase were obtained from Zymed (San Francisco, CA) and 
used for ITLC with mouse control MAb R24 against GD3, (PukeJ 
et aL, 1982). High performance thin-layer chromatography 
(HPTLC) silica gel plates were obtained from Merck (Darmstadt. 
Germany). 

Vaccine preparation 

GD3-KJLH conjugate was prepared as described previously (Fig. 
la) (Helling et a/., 1994). The principle involved in the conjuga- 
tion procedure is cleavage of the double bond of ceramidc by 
ozone, generation of an aldehyde group and conjugation to 
c-amino groups on lysine of KLH by reductive amination. The 
GD3-KLH conjugate was prepared in 3 batches. The amount used 
for conjugation, the percent recovery and the GD3/KLH epitope 
ratio for the GD3-L-KLH vaccine are summarized in Table I. More 
than 23% of GD3 in the reaction mixture was conjugated wjm 
KLH. The GD3/KLH epitope ratio for the combined preparation 
was 1,049. 

GD3-L-KUJ vaccine. Because of the unstable nature of GD3-L> 
wc firstly prepared the GD3-KLH conjugate then converted it to 
GD3-L-KLH by add treatment (Fig. lb) and IvophDized immedi- 
ately. Briefly, equal volumes of GD3-KLH and glacial acetic acid 
(v/v) were mixed in a sterile glass tube. To monitor GD3-L conver- 
sion, the conversion of free GD3, a small portion of which had not 
been removed completely from the conjugation reaction, was deter- 
mined by TLC. After 4 hr at 37*0 with gentle shaking, when about 
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TABLE 1 - PREPARATION AND ANALYSIS OF -me CD3-KLH CONJUGATE USED TO PREPARE THE CP3-KLH AND QTQ^XLH 



VACCINES 





Attorn* IBfid for 
QOfijuracioD (Bit) 




Thr oovmot of GD3 and 
KJ-H in ooojugw («&) 








GD9 




CD3!XUI 


GD3 


KLH 




KLH 


1 

2 
3 

Combined 


5.0 
3.0 
5.0 
13.0 


7.5 
5.0 
6-0 
18.5 


1:1.5 
1:1.6 
1:1.2 
1:1.4 


0.78 
0.99 
2.67 


5.04 
4.08 
6.00 
15.12 


18.0 
26.0 
19.8 
20.5 


67.2 

8U6 
100 
81.7 



1.076J) 

9523 
1,048,9 



'AH 3 batches were combined ro prepare GD3-KLH and GD3-L-KLH conjugate vaccine (see Material and Methods). 



80% of me GD3 had been lactonizcd ine acetic acid was quickly 
removed using a Centriprep (Amicon, Beverly, MA; 30 kDa molec- 
ular cut-off filter) wim multiple saline washes. The conjugate was 
sterilized by posing through a 022-yixn filter. The amount of CD3 or 
GD3-L in the conjugate was determined by estimating the sialic acid 
content by the resoTcinol method (Svennerholm, 1963). GD3-KLH or 
GD3-L^KLH conjugaie containing 30 p,g gan&lioside was aliquoted 
to individual vials and lyophiliicd under sterile conditions. In both 
cases, prior to the injection, 100 u,g of QS-2I wore mixed with the 
vaccine as it was reconstituted in normal saHne solution. 



Patients and clinical protocol 

Patients with AJCC stage m or IV metastatic r"»* en iart rv*la- 
noma (regional or systematic metastases) who were free of detect- 
able melanoma within 2 weeks to 6 months after surgery were 
candidates tor this trial. No patient had received prior chemother- 
apy. GD3-KLH ox GD3-L-KLH conjugate containing 30 iLg of 
ganglioside and 100 fig immunological adjuvant QS-21 were 
mixed immediately prior to vaccine admrnistration in a total vol- 
ume of 1 ml saline. Four vaccinations were administered s»c. at 
1-week intervals, 2 additional vaccination* were administered at 
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Ptlienl 



GD3-KLH 
lyophilized 
1 
2 
3 
4 
5 
6 

GD3-L-KLH 
lyophilized 

2 
3 
4 
5 
6 



0 

o 

20 
0 
0 
0 



0 
0 
0 
0 
0 
0 



CDS 



Hak fcciyppcot EUSA rittr 



Pdfl 



0 
0 

80 
0 
0 

20 



40 
0 
40 
160 
40 
1,280 



0 
0 
0 
0 
0 
0 



0 
0 
0 
10 
0 
0 



0 
0 

80 
0 
0 

20 



160 
0 
20 
1.280 
160 
320 



COM. 



NT 1 
NT 
NT 
NT 
NT 
NT 



0 
0 
0 
0 
0 
0 



NT 
NT 
NT 
NT 
NT 
NT 



40 
40 
160 
640 
40 
1.280 



Pic 



NT 
NT 
NT 
NT 
NT 
NT 



0 
0 
0 
0 
0 
0 



JfO 



to 



NT 
NT 

m 

NT 
NT 
NT 



160 
0 
0 

1.280 
160 
1,280 



lNot to * ied . because of the absence of antibodk* against GD3 antibody. 



intervals of 7 and 19 weeks from the dale of first vaccination, 
under an MSKCC IRB Approved protocol. Peripheral blood 
(20-30 ml) was drawn immediately before each vaccination, and 
2 weeks after the 4th, 5th and 6th vaccination*. 

EUSA 

EUSAa were performed as described previously (Helling *t al., 
1995). To determine the uters of GD3 and GD3-L antibodies, 
EUSA plates were coated with GD3-L or GD3 at 0.1 u,g per well 
in ethanol. Serially diluted patient serum was added to wells of the 
coated plate and incubated for 1 hi at room temperature. Rabbit 
and -human IgM or IgG conjugated with alkaline phosphatase 
served as second antibodies. The antibody titer was defined as the 
highest serum dilution showing an absorb&nce 0.1 or greater over 
thai of normal sera. Immune sera were also tested for non-specific 
"stickiness" on plates thai were processed identically but without 
ganglioside. and reading was subtracted from the value obtained in 
the presence of gangliosides. 

Immune thin laytr chromatography (TTLC) 

Immune staining of gangliosides with MAbs or human sera was 
performed afte r s eparation of purified gfingliosides or melanoma 
extracts on HPTLC silica gel glass plates as described previously 
(Hamilton et oL, 1993). The plates were coated with 1% Plexigum 
(Polyecience, Warrington, PA) in n-hexane, blocked with 3% BSA 
in PBS for 2 hr and incubated with patient sera (diluted 1:150 in 
PBS) overnight ai room temperature. The plates were washed with 
PBS containing 0.05% Tween 20 (Fisher Scientific, Fair Lawn. 
NJ) and incubated with anti-human IgC or IgM antibodies conju- 
gated with horseradish peroxidase at 1:200 dilution f or 3 hr ar 
room temperature. The plates were then washed with PBS-0.05% 
Tween 20 and developed with 4-chloro-l -aapbtol-H^O,. 
Oot-bloi immune stain 

Gangliosides GD3, GD3-L. GD2, GM1, GM2, GM3 and fuco- 
syl (Fuc>-GMI (0.1 u.g) were spotted on nitrocellulose strips. The 
unreacred sites were blocked with 3% HSA-0.05% Tween-20 in 
PBS. The strips were treated as described for ITLC except coating 
with Plexigum. The intensity of spots in dot-blot immune stains 
was graded +, +-f or +++. 

Fluorescence activated cell sorter (FACS) assay 

The GD3 positive melanoma cell line SK-MEL-28 served as a 
target. Single cell suspensions of 2 X JO 5 cells per tube were 
washed with 3% FCS in PBS and incubated with 20 uJ of 1:20 
diluted antisera or MAb R24 for 30 rain on ice. After washing the 



cells twice with 3% FCS in PBS, 20 uJ of 1;15 rabbit anti-human 
IgG or IgM-labeled with FITC were added. The suspension was 
mixed, incubated for 30 min and washed. The percent positive 
population and mean fluorescence intensity of stained ecus were 
analyzed using a FACS Scan (Bccton-Dickinson. Mountain View 
CA) (Zhang ei al. 1995). , 

Immune adherence (IA) assay 

The IA assay measures resetting of human RBC (blood group 
O) with guinea pig complement on target cells (SK-MEU28) 
mediated by complement binding antibodies, and was performed 
as described previously (Shiku ei a/., 1976). Individual target cells 
were scored as positive when 50% or more of toe cell perimeter 
was surrounded by indicator cells. 

Complement-dependent cytotoxicity (CDC) 

CDC was assayed at a serum dilution of 1:10 with SK-MEI^28 
cells and human complement by a chromium-release assay as 
previously described (Helling et o/ M 1995). All assays were carried 
out in triplicate. Cells incubated only with culture medium, com- 
plement, antisera or MAb R24 served as controls. Spontaneous 
release was calculated based on the chromium released by target 
cells incubated with complement alone. Maximum release was 
determined by incubating target cells with complement and 1% 
Triton X-100. Percent cytolysis was calculated according to the 
formula: 



X 100 



Specific release (%) 

_ fe*petimeoUl release — spon taneous release 
maximum release — spontaneous release 
Inhibition assay 

Anrisera at 1:150 dilution or MAb PJ24 at 1 p,g/ml were mixed 
with various concentrations of structurally related and unrelated 
gangboside antigens. The mixture was incubated at room temper- 
ature tor 30 min and tested on a CD3-coated plate by EUSA. 
Percentage inhibition was calculated as the difTerence in ataor- 
bance (EUSA) between the uninhibited and irohibited serum, 

RESULTS 

Clinical considerations 

All patients signed iniormed consent prior to vaccination. Com- 
plete tyood counts (CBC), liver function tests and clinical evalu- 
ations were repeated at 2-month intervals. Toxicity was restricted 
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3 

Months 

+ 3 °^ GD3 lBCton ^- K LH^lOO W QS-21 Vaccinations 




2 3 4 5 © 

ricuw 2 - Time course of the induction of IgM (a) -nd IgG antibodies in 6 patients immunized with GD3-UKLH piui QS-21. 



i F*^ ? . ejythcma induration ai vaccination sites 
lasting 3-S days in all patients and -rado I fever and flu-like 
Wnptom lasting 1-2 days after 2-3 immunizations in one half of 
the patients. Th« u the pattern of side effect* associated with 

^i!^^^ 00 * 10C ^ 6056 (Livingston era*. 1994). 
No other side effects were detected. 

responses against GD3 end GD3-L 

T^t rf^ ^ Bg ? in6 ? GV3 ^ GD3 - L summarized in 
U ' Befope vaccinadon, IgO antibodies against GD3 or 



GD3-L were detected in 1 patient (titer I/lO) and IgM antibodies 
were detected at a titer of 1/20 in 1 patient. After vaccination, only 
one patient vaccinated with GD3-KLH developed detectable IgM 
and IgC antibodies against GD3 (filers 1/80). Consequently, fur- 
ther analysis was not carried out with GD3-KLH SCra. The GD3- 
L-KLH vaccines, however, induced IgM titers against GD3-L f 
1/40-1/1,280 in an patients and IgG titers of 1/160-1/1.280 in 4 
patients (Tabic JOT). These antibodies also strongly Cross-reacted 
with GD3. Peak reciprocal I*M titers of 40-1.280 were seen 
against GD3 in 5 of 6 patients and peak reciprocal IgG titers 
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Patient #4 



TLC 
(a) 



Chimeric R24 
(b) 



Pre IgM 



Post IgM 



Pre IgG 
(e) 



Post IgG 




6D2 - QD2 " _ e~ 6W ^ ^ GD3 ^ COS GOJ 6d ©03 GD3 Ext 

45 602 6D2 GD2 



l as a control. 

. table ct-anttbopy response of patients after vaccination 



patent vaccinated with GD3-L-KLH. Chimeric MAb 



GP3-L GD3 CD2 



OMi GM2 GM3 FQM1 ODJ-L 



WITH OPaq^lCLH AS DETBRMINEp BY DOT-BLOT 1 
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Against GD3 «nd GM2. respectively. 

JSS* "VST 1 - 280 *■ 4 of 6 P 8tieaB - ^ HLISA time 

course of IgM and IgG antibody induction against GD3 with en 
sera in all 6 patents receiving rh e GD3-L-KLH vaccines is ,how 0 
J™^* » D . obo<, y titers remained higher than IgG titers at 

rrJr^ f P ° inU - ffic,udin 3 2 bolster vaccinations. In 

fS^iX?" "° ^S*"* ^ booster vaccinations then 
after initial vaccinations. ^ 

Wwr* wrponje witf orfter gangUosida by ITLC and dot-Hot 
GOV i P OSI - v&Cci ^tion sera of all 6 patients receiving the 
CM h"S5 ^ES** Wcre tesied ^ foi reactivity with 

SE^TnS? 3, i ^ d GM2 M we " M wi,h "»«l»°oma extract. 
naiienTT^ ^'"u 1 ° f P 1 *" Md sera from 

ISf^L ?*r *** chlmeric MA » R24 are Shown in Figure 3. 
strong ° f *P at, «* show «» I«M antibody reactivity as 
trong M pauent 4 agamst GD3-L and GD3. Sera from patients 
3 and 6 ** io showed comparable IgG reactivity with 



positive). FGMl. fucosyl OMl; 



OD3-L and GD3. Most of the IgM antibodies cross-reacted 
weakly with GM2 and GD2. whereas IgG antibodies showed 
only weak crosi-rtactiviry with GD2. Both IgM aod IgG reac- 
tivities were also seen with higher migrating bands in the 
melanoma extract, GD3-L. 

The specificity of ganglioside antibodies detected in patient sen 
before and after ixununizarion was also determined by dot-blot 
immune staining on nitrocellulose membranes containing sanplio- 
sides GD3-L. GD3, GD2, GM1. GM2. GM3 and Fuc-GMl. The 
result* are summarized in Tabic HI- A strong positive reactivity of 
3+ for IgM antibodies against GD3-L and GD3 was seen in the 
sera of all 6 portents. Reactivity of 3+ for IgG antibodies w, s leen 
in 4 pauenie with GD3-L and CD 3. Pre- immnnizarion IgM aod 
IgG antibodies from all patients showed no reactivity with GD3 
although some patients bad a low pro-immunization IgM and body 
level against GM2 and GM1. Reactivity with these gangliosides 
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>MAb R24 QgGj ahowed 96.75% positive cells by PACS and 26.6* lysis on SK-Mel-21 cells 



was i^ased after vaccination in 1 patient each against GML 
FuoGMl, GM2 and GD2 and in 2 patients against GM3. 
*eacTivi/y of antiicra with tumor cells ' 
The ccU surface reactivity of peak titer poat-unmunizntion an- 
tibocbes was tested on GV3 positive SK-MEL-28 melanoma cells 
by FACS. La and CDC assays. The results with eora from patients 
receiving the GD3-L-KLH vaccine are aunimarized in Table IV 
The percent positive cells by PACS with pre-vaccioation sera were 
low. Sera from patient 6 showed strongly increased IgM reactivity 
apmst cells by FACS, and sera from 4of 6 patienu 

showed IgG reactivity of over 20% after vaccinae on. Sera from 3 
%*™ U n 0 sbowed ^^immunization IA reactivity against SK- 
> ^fj^™ frt>m 2 P^cnis Showed more than 50% CDC 
K A f^' 2 L^ 5imilar specific release 

with MAb R24 was 26.6%. Post-vaccination sera in the absence of 
complement and complement without sera were not cytotoxic. 

Aniibody specificity <Ui*rmintd fry inhibition 

Two different types of inhibition assays were carried out to 
define further the specificity of GD3 antibodies in immune ecra: 
(1) incubation of sera with GD3 ( GD2, GM2 Or GM1 and lesrinc 
back against GD3 by EUS A; and (2) incubation of sera with GD3 
and twung back against SK-MEU28 by FACS. A sample exper- 
iment demonstrating ihe inhibition of IgM and IgG EUSA rcac- 
bvjry for pauent 6 (who had shown IgM reactivity against GDI by 
dot-blot and ITLC) is shown in Figure 4. The results obtained from 
P 3 "^* m sumnwiicd in Table V. The results indicate mat 
GD3 inhibited ami-GD3 IgM at least 10-fold more efficiently than 
2™.***** GM2 and GM1 exhibited no inhibition. The ami* 
~? 3 .£9 f^bomes were specific for GD3 alone; no other gaa- 
ghoside inhibited GD3 rcacdviry. * 

DISCUSSION 

Of the melanoma gangliosides considered to be potential targets 
for lmmonotherapy, GD3 is the most abundant but also the least 
immunogenic. lw poLenrjal as a target for passive immunotherapy 
has been documented in patients treated with R24, a murine MAb 
recognizing GD3. Regression of melanoma metastases after R24 
treatment has been Demonstrated at several different center* (re- 
viewed by Jurcic e% aL % 1997; Seheinberg and Chapman, 1995). 
We have spent considerable effort over the yean trying to corj- 
T?o2rJ^?S£« 1 ?? c « GD3 CLivingstoa. 1995; RJuer « 

«t. 199Q£>. 1991). Our uubal approaches were to vaccinate mela- 
noma patients with melanoma cells, whole cell lysatee or with 
purified gangUoside adsorbed to BCG. Using these methods, we 
were able to induce antibody against CM2 but not against GD3 
CHelling et aL, 1995; Livingston ef oZ, 1982: Ritter ef aL 1991) 
TTiese experiences led us to search for waye to improve tie poor 
niimunogenicity of CD3. Several reports indicated thai chemical 
modification of gangliosides could augment their imrnunogenicity. 
we prepared a series of syDthetic ganglioBide congeners and 
adhered them to BCG to induce antibody in laboratory animals and 
melanoma patients (Ritter ttaL. I990a.fc. 1991). GD3 amide GD3 




Fkjujuc 4 - Inhibition of EUS A reactivity of anti-CD3 leM fa) and 
ti£i 6) ^ Ub0dy ^ ° M1 GM2giagli|^d« ; ^ 



-angliosidol, OD3-L I and B and GD3 acctylaied at various sites 
were all more immunogenic than GD3, but the increased antibody 
ntcrs induced by these synthetic congeners Of GD3 were not 
reactive with unmodified GD3 or melanoma cells (Ritter ct oL 
199tW>). Low-dter GD3 reactive autoantibodies have been re-' 
ported in the serum of some melanoma patients after vaccination 
with uTBdiatcd melanoma cells (Ravindranath etaL* 1989), but less 
frequcnUy and far lower titer than antibodies against GM2 and 
OD2, and no cell surface reactivity could be demonstrated. How. 
ever, human MAbs reactive with GD3 have been zeneratcd 
rVamaguchi ct o/. t 1987). It was clear that GD3 was a poor 
immunogen in humans, but never the less could be nxognbasdbv 
the human immune system. 7 
ImmunuatioD of mice with GM3-L induced antibodica mat 
cross-reacted with unmodified GM3 (Nores tt cL M 1987) and a 
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Sen 



GDI target 



GD3 



GD3 



Patient 1* 
Patient 2* 
Patient 3 
Pitieni 4 
Patient 5* 
Patient 6 



OM2 



CD3 



3 + 
1 + 
1 + 
4+ 
3+ 
4+ 



2+ 
1 + 

0 
1 + 

0 
2+ 



24 
0 
0 
0 
0 
0 



CM2 



.NT 2 
NT 
NT 
4+ 
NT 
4+ 



NT 

NT 
NT 
0 

NT 
0 



NT 
NT 
NT 
0 

NT 
0 



Jtt£ ICaCC , Ve ™ h GM3 and GM3-L has bee* Pen- 

S2S«S?? " 1988) ' Mu ™ e ^ active -^ofcer 
5 ^fSS* " *»-«*ctive with the parent gangnosi£ 

£SK? ^ ^ " J988 ' T " » A- Serum 

antibodies induced by unmuru^on of mice with GD3-U (the 

aTSvh" 1 *! ° nDCd bcnVCCD ^ gro«P of sialic acid and 

^fi^^^^ wen, shown u> rc*cx wl£ 

ff^oS? ^^"prr^inn human melanoma cells (Rio* 
rSw7 to> " ? ,th G M-J^BCG. we were able to induce low- titer 
urtodie* against GD3-L in 4 of 9 patients. However. tiJsc 
^n^ n^^ ~ C,usivt, y ^M, ^ response was of short duxa- 

« GD2/BCG ' b »< — »« potent enough (Hitter 

Several other approaches have been reported to augment the 
munuoogemcity of carbohydraie antigen* (Helling € tai.. 1995- 

fSn^'- ^ 199S) - CovaJcnl foment of carboby^tt 
antigens to immunogenic protein carriers as first suggested for 
havens and then carbohydrates is the concept that haf , p£ 

o^asT^Xf 1 ^ * VBCGine€ 

.Regarding conjugate vaccines against gangliosidea, in 

™ It COxlJu e ation meiho d. the optimal carrier protein and the 

cSTn^S?!^* O2 . 0DC * ^ aldehyde ^roup and 

coupling to free t-amino groups of the lysine of protein by reduc- 
uve ammntxon. W c found that KLH w£ the optimal carrieT^ d 
&' bomo « c ? co ^ saponin fraction purified from the bark of 
QmiUxjc seponarie % the moat effective adjuvant (Helling et at., 



1994). Mice vaccinated with GD3-KLH Conjugate plus QS 21 had 
mgher nter XgM aniibodies and consistent production of high lgQ 
antibody liter*. Toe superior immunogeniciry of the KLH conju- 
gate vaccine plus QS-21 has also been demonstrated to mdaocraa 
patients with GM2-KLH (Helling cr ei., 1995). 

Putting together the increased immunogeniciry of KLH conju- 
gate plus QS-21 vaccines, the basic ability of the human immune 
system to produce antibodies recognizing GD3 and the mcreased 
immunogeniciry of ganglioside GM3-L compared to GM3 in terms 
of ana-GM3 antibodies, it seemed reasonable to reevaluate the 
^unogerucity of GD3 and GD3-L using KLH conjugate plus 
QS-21 vaccines. Others have described clinical triaU that occa- 
sionally mduced antibodies against GD3 in patients (PonoukaliMi 
et aL : 1991; Ravmdranath et at. 19S8). We report here an imrnu- 
nuaiion procedure that resulted in the production of IcM and IgG 
anubodies against GD3 and tumor cells expressing C5D3 in the 
majority of immunized patients. The antibodies produced 'in re- 
sponse to immunization with GD3-L were specific for GD3-L but 
also cross-reacted significantly with purified melanoma GD3 OD3 
isolated from bovine buttermilk and GD3 on me melanoma ceU 
surface. This u in contrast to the experience of others with MAbs 
raised against GD3-L which reacted wim GD3-L but not with GD3 
(Kawashima n aL. 1993. 1994). GD3-KLH failed to induce anti- 
body gainst GD3, suggesting that tolerance to GD3 as a conse- 
quence of expression of GD3 on a variety of normal hum*, tissues 
could be broken by GD3-L but not by GD3. This may be because 
GD3-L is expressed at lower levels on normal tissue* and so is 
more easily recognized by the immune system or because GD3 L 
is a more rigid, less flexible molecule thai conseauentlv is a 
stronger lmmunogen. * * 



^r^^^^^ ^ocyanio conju^Tacc^. 
H^^2ha^ S W 5 ^ ^ m.. KocAmr. JL, 

s^tesar ssfe 1 * ] — °^ was 

JURCIC, J.O.. ScKEDVBCRO, D.A. and HOOOKTON. AJN„ Monoclooal anti- 
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Abstract 

GD3 is the canglioside most abundantly expressed on the cell surface of human melanoma, 
and treatment with a monoclonal antibody recocm^ini: GD3 has induced maior responses in a 
small proportion ol patients. However, we have beer, unable to induce production ol CD3 
anybodies in melanoma patients by active immunization \\-nh GDj-expressinv; meianoma cells 
or purilied GD3. In this report we describe attempts co increase the immuno^enicity of GD3 
in the mouse by chemical modification. GD3 lactone I and II, GD3 amide anJ GD3 
gangliosidol were synthesized, and the humoral immune response to these derivatives was 
compared with the response to unmodilied GU3. The GD3 derivatives tvere more 
immunogenic than GD3. At a low dose all conveners induced an IgM response, with antibodv 
titers higher than those elicited by low-dose GD3. The cangliosidol and amide derivatives also 
induced an IgG response. IgM antibodies induced bv immunization with GD3 lactone I cro-»s- 
reacted with purified GD3 and GD3-expressin^ melanoma cells. Titers of GD3 cross-reactive 
antibodies were slightly higher than after immunization with GD3 itself at :he same low dose. 
lg.M and IgG antibodies induced by the other conveners did not cross-react with GD3. 

Introduction 

In studies ot the humoral immune response to ganglioside vaccines in 
patients with malignant melanoma, it has been shown that GM2 is con- 
sistently immunogenic, that GD2 elicits an antibody response onlv occa- 
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Abbreviations: The designations GM3, GM2. CM I. GD3, GD2 and GDI b are used in 
accordance with the abbreviated ganglioside nomenclature proposed bv Svinnkrhoi m ^33). 
ELISA « enzyme-linked immunosorbent assay; HPTLC « high-performance thin-layer 
chromatography; /T/.C « immune thin-layer chromatography; /A * immune adherence; PA 
« protein A. 
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S ,ona»v and ,.,« GDI no, ^^^t^li 
however, » ot interest lor vacone .o * « ' H-*) 
commonlv expressed cell surf.ee ^ o> , ot ^ ^ momx , , 

3 nd has been a »r 6 ot tor the * ^ 'tempted - . ^ 

amibodv (7). Tor th.s reason, -e h > J ■ lon /, n J W e have examined 
immuno^niciiy ot GD3 by ^cm^^JJ^.^ lhtf mouse. VC'e 
,he humoral immune response to t hese r O - ^ tfross . rcacnv ,,y 

report that antibod.es reused aga.ns. GUJ to. melanoma cells 

wf,h GD3 in several assavs ^^^^ GD3 lactone II. GD3 
expressing GD3, while am.bod.es ^ m EU SA but not .„ 

amide and GD3 ganglios.dol cross-reaaed 
the other assays. 
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Gjnci.05.Jr5 R«earch Laboratories i Abano 

G M>. CM2. GNU. GDlb - J ^ D ^7^7;^-ent «.th bovme -us ^calac^da.e 
Terme.halv, CD: w» P-P— ^ hnc SK-MEL-I* -re prepared without 
(S). Gan^Uosides o. the human n.elano ^ U,. 

saponilicat.on or pcracrtylat.on bv pubh>ned p 

Can^osuV uW Jt M v5 ^ W|(h , U , (J | acetic acid » uW.bcd 

GD3 lactones were prepared by ireai.n* ^» ™£ £ £ ^ E . S , r hadr* AOS chromatography, 
ill). Uaoncs were separated according to ■> \ J bcuw I in 0.05 M NH*Ac in 
eluung lactone 11 in ^- oto ' m ' ^ of GD3 lactone II U». lollop bv 
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moouted to: 
GD3 lactone I *nd II 

G03 amide 

G03 gangtiosiciol 



Pl c l. Schematic structures of GD3 dc,,^ ^ ■« 

luucurcso. OD3 lactones re,vr to re.eron,, , II , 
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Htsh-prrlnrnuiwe ihin-ljyrr rhromjt^rjph\- 

TLC JnJ lv,;» p,,fotmcJ on HPTLC vlio ac | pi,,,,. Gan £ lios.J« ,nd ..ar»tlio»-o« 

t:' ,J " V " , <fP V a ' fd in vhlor, rt Wn,„,«l, J „.,./C.W% aqueous OCI, 6*35:*^ 

>olvciu, and visualized by staining with orcmnl. H : SO, or 
TLC was performed as described (13). 



rejorcinol/HCI. Two-dimensional 



Immunization 

■B« H^bo^lh 1 ^^ 6 ^ * C5;BL " F ' — — ^-inrd Jackson Laborarorv 

^Bar Harbor. MR. L*A). Mice ~ere- ,n,ec<ea ,mr .pcmonealiy w„h cvciophospham.de ( 16 - 15 

comc'l .ubT i"" ,,r Vr fn r , " ,l J ° n - C '~' J - tor immumzaiion were dned tn 
ou -h J r 7* '» u H*nd«i ,n J, st ,tled w«« con Ul „ m? t he ad,uv 3nt Sa/monc-//, m,n„«ou 

PBS V ■ » J^"^ f 7 »- Th ' ~as lycphvlued and emulsified in 

rw. eT , m,n,s,rJ,w V M, V erf in '"'^ "bcuuneouslv with a «iven sinvlios.de 

PBS \ eT M ST Jl 3 u° 5C °' 10 MS ?,VC ° i,p,J Jnd 0 5 * — n«a« R 593 in idt.l 
RBS. M,ce w,re bid from .he retro-orb.ta! s.nus before and «wo «ek, after the first 
>econci v.ccine m,eet.on. Srrum samples ior S erolo S i ca | test.n R ^ere stored at -20 >C 

Oot h/or minium- irji.ns W enzymeWi/iA^d miin uno*or6rnt 
These assays ^erc performed as described pn v.ousiv (ICi. 



Tahle I. Ininiunoreactivity of GD3 Jeriva 
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GD3 Amide 
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GL>3 

GD3 Lactone I! 
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R24 
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I3eterrnincd by ITLC; anuKniy J.lutiun: - M , :nl; .nu-G03 antibody were incubated 
..vcrn^hi Kcact.vitv was .rated a* follows: — Mron ^ _ „ UH5cra:e , , . ™ 

reactive; * minute reactivity. * 



k (Darmstadt. German v»; mtroot-liu- 
ic. (Keen*-, NH. USA); bcp-fik ... 
ni AK-ScpluJcx A -25. SrpluJex <}. 

■» : ».i»pH.iif disoJium irom Si-m.i 
iu;* ,» trom Mead Johns, mi 



h horseradish peroxidase lor ITLC 
"A, USA), rabbit anti-mouse IpM or 
inr phosphatase from Zy.-neri (San 
rrated in our laboratory (15). Bo\mf 
Joumman (Michigan State Univcr- 



?Utrt. Cangliosides and ganplioside 
12% aqueous CaCU 60r33:l5 iv/v) 
ar rnorcinol/HCl. Two-dimensional 

6- 

\ bbouned from Jackson Laboratory 
^Urj with cyclophosphamide (16) I? 
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»Jjr with a given gangliosidc 
\$, min/iesou R 595 in 100 u.1 
>/*fcks after the first and 
t nored at -20 °C. 
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Results 

Preparation and characteristics of CD} lactones, .wude and fianglnwdol 

Two major products were obtained by ire.ument of GD3 with facial 
acetic acid. Their TLC-pauerns (Fig. 2) corresponded with those pi OW- 
lactone 1 and GD3-lactone 11 as described (111. Alter mild base treatment, 
both derivatives co-migrated with the parent GD3. Alter separation on 
DEAE-Sephadex A-25 according to charge, lactone I was eluted in the 
monosialo fraction, whereas lactone 11 was found in the neutral traction 
suggesting that one carbosyl in lactone 1 and both carboxvl groups .n 

lactone ll'were involved in the formation of lactone rings. While no other 
bands were detected bv TLC analysis in the lactone II preparation the 
lactone I preparation contained 5-10% GD3. Attempts to remove CD; 



— GM3 

— GM2 

— GM1 

~ GD1b 



•ncubatcd 
IV*. - no, 



Fi-ure 2. TLC ...ulvsis of GDI ..mJ GIJJ .lenvniw, u»«l .» «W milLcs. Ol» lact.«K- I 
(Lane 11; GD3 U-iune II (Lane 2 V. GUJ wiMe . L...K- > .. OIW jun^Jol tl^.w 4); v.U 
L 5i reference ^lio^s CM3. GNU. GNU ...ui Gl>lh <!.,.,< <0. HP LC on mIum ^ 
pUie; running soU cni chU„ Ul orn,/m.,han..l/C.:: u, u c-..»< OCI; .,M*:S vv: M.,„„n, 

reagent: orcin»>lf H;SO*. 



completely from this preparation tailed. because some GO 3 w» jU-«« 
termed again during the purification steps .is a consequence ol tlie labile 
nature ot the GD3 l.ietone I structure. Alter aminolvsis ol GD3 lactone !! 
two major products migrating as double bands were detected by TLC. 0"'c 
migrating slightly taster than GMJ, the other migrating between GM3 and 
GM2. The faster migrating product was converted to the slower migrating 
product by mild base treatment, and only the latter was used in our studies' 
In contrast to lactones, the GD3 amide showed uniform motilitv in two- 
dimensional TLC analysis, after being kept in a chamber saturated with 
ammonia between the two runs. The GD3 amide preparation was tree cf 
GD3 and other products as determined bv TLC. The product obtained 
alter reduction of GD3 lactone II appeared as a double band in TLC 
migrating slightly faster than GM3. This gangliosidol preparation contained 
traces ol a product migrating with GD3 lactone II and a double band 
migrating w„h GM2 (7%). When stained with resorc.nol reagent onlv the 
maior double band developed the tvpical orange-vellowish color that has 
been described for gangliosidols (22). 

Reactivity ot GD3 hctones, amide and gangiiosidol with anti-GDI mAbs 
immune reactivity of these GD3 derivatives with murine mAbs R24 O 
and K9 (recogmz.ng GD3) was determined bv ITLC Results are shown in 
Table 1. None of the GD3 derivatives reacted wi,h anti-GD3 antibodies 
when incubated at -» C C overnight. However, both lactones showed some 



Table 2. Antibody response ol mice alter vaccination with GD3 and CD3 dcr.v.,tiv„ u 
determined bv ELISA* 



Vaccine 


Dose 


No. ot 
mice 


Target 


Titers 




IgM 




CD3 


0.1 ug 


5 


GD3 








1 ug 


5 


GD3 








10 


20 


GD3 


40 (3) 






30 iig 


5 


GD3 


i:S0 (1). 32*0 (I). SO (1), 40 (1) 




GD3-LI 


IC M g 


20 


GD3-L I 


I2S0 (2). 640 32C Oi. 












160 (2), SO (2), 40 (9) 










GD3 


640 (1), 160 (2), SC (7), 40 (?) 




GD3-LI1 


10 ,ig 


15 


CD3-LI! 


640 (1). 160 (1). SO f3) 










GD3 


->0<5) 




GD3-A 


10 it*; 


15 


GD3-A 


12SC (4), 640 (2). 32C (3), 


> I2SC (121. 








GD3 


160 (21, SO (4) 


1<>C i2j. SC O i 








040 (2), 160 <2), SO i3), 40 i2) 


40 ( 1 ) 


GD3-OL 


10 


15 


GD3-OL 


12S0 i'61, <>4C ^3). 3j; i2). 


> l2SC(7}./20(i: 








GD3 


160 (1). SO (1 1. 40 ( 1', 


V60 (2\ NC *21 








SO (11. 40(1, 





Reactivity i* *.-\pre*st\l in recipnx'jl liters. 
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,40(7) 
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Table J AimtttHlv rc<p»»iw <*t niivi- .»tut *. w*:n.ui..n w r.li <il)3 .mJ * * I > . * *Uti* .1* 
Jv-U*rrmno.l !»v Jul Mi>i immune M.nn 



\ .U'v '.IK' 



GDM ! t",n3-LM GU3-A i*.l>*-Ol. 

Nuinlvr «tl rc-Kiiw mice* 



GNU I 

GM2 

GNU 

GD3 -» 

GD2 

GDlb 

GD3-LI 

GD3-LII - 

GD3-A 

GD3-OL 



11 



11 



15 1* 



\2 



1 Each vaccine contained 10 U£ pandioside. 

: GD3 and GD3-L 1 <v ere les'wd in groups ot :: mia-. GD3-L U, GD3-.V inJ GD3-OL in 
groups ot 1 5 mice. 

reactivity when incubated with GD3 antibodies at room temperature 
overnight. It can not be excluded, however, that this reactivity was due to 
degradation of GD3 lactone to GD3, which we have shown to occur after 
overnight incubation at room temperature, but not at 4 °C (23). 

Jmmunogenicity of GD3 and GD3 derivatives in the mouse 

The antibodv response of mice after immunization with GD3 or GD3 
derivatives was analyzed bv EL1SA (Table 2), dot blot immune stain 
(Table 3) and by ITLC (Fig. 3). 

GD3: Three of 2C mice immunized with 10 GD3 responded with 
production of low titer IgM antibodies* against GD3 as determined by 
EL1SA and dot blot immune stain, but not ITLC. Immunization with 0.1 - 
ug GD3 or 1 ug GD3 did not elicit detectable antibody production* while 
mice immunized with 30 ug GD3 (a dose previously shown to be 
immunogenic (24)) responded with production of medium titer IgM anti- 
bodies against GD3 as determined by EL1SA and dot blot immune stains. 
No IgG antibodies were detected. 

GD3 lactone I: Seventeen of 20 mice immunized with 10 ngGD3 lactone 
1 produced IgM antibodies to GD3 lactone 1 as detected by ELLSA, and 
eleven of the 20 sera were al>o reactive by doc blot immune stain. Reactivity 
of these sera with calf brain GD3 was as follows: ELISA 17/20. dot Wot 
immune stain 11/20. Reactivity with human melanoma-derivctl GD3 was 
also detected by ITLC. The sera showed no reactivity with GD3 lactone 11 
or other gangliosidcs. No lt;G antibodies were detected. 



GD3-A — 



if<=f.;v'i:;^-vr./-,; 




Figure 3. 1TLC of mouse amisera induced atier immuniy jti*in *v:;h GD3 amide (A) and GD3 
lactone I (B). Gancliosides extracted from hunun melanoma cell line SK-MEL 19 (Lane 1); 
immunogen: GD3 amide (A) or GD3 lactone I : L.ine J); GD3 ;.om waif brain (Lane 3*i; 
reference ^.mclitisiJes GM3. GM2. GMl and GDlW Lane a). HPTLC on silica gel plates; 
runninc soK oni chlorolorm/nieihanol/0.02 % aqueous CaCI; 6C:35:S wv; serum dilution 
1:75; st.iinm^ peroxidase and 4-chloro- I -naphrhol '. 



GDJ hctone J J: After immunization with 10 ug GD3 lactone II, ti,ve of 
13 mice developed ■ low titer IgM antibodies against the immunogen and 
GD3 by EL1SA. None of these sera showed reactivity with GD3 lacione II 
or GD3 by dot blot immune stain or 1TLC. These sera showed no reactivitv 
with GD3 lactone 1 or other gangliosides. Again, no IgG responses were 
detected. 

GD3 amide: Of the GD3 congeners tested, GD3 amide elicited the 
strongest antibody response. All 1 5 mice immunized with 10 u,g GD3 amide 
responded with production of high-titer IgM and IgG antibodies reactive 
with the immunogen as determined by ELISA and dot blot immune stain. 
Nine of the IgM sera also reacted with GD3*by ELISA, but onlv one was 
reactive with GD3 when tested by dot blot immune stain. ITLC revealed 
only reactivity with the immunogen. IgM antibodies, but not IgG anti- 
bodies, showed reactivity with GD3 gangliosidol but not with other 
gangliosides as determined by dot blot immune <T iin 

GD3 gsngliossdol: Alter immunization with iZ ug GD3 gangliosidol 
IgM antibodies to GD3 gangliosidol were detected by ELISA in 14/15 mice 
and by dot blot immune stain in 12/15 mice, IgG antibodies in 12/15 and 
7/15 mice, respectively. Two ot the IgM sera also reacted with GD3 in dot 
biot immune stain tests. Some sera also showed reactivitv with GD3 amide 
bv dot blot immune stain and ITLC. 
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Discussion 

The E an g l,os,de GD3 ,s abundantly expressed - J^^^ct 
melanomas and theretore a potential target o ^ imJuccd 

Treatment with a monoclonal ""^^■^""opo^ion of patients (7). 

! l hv d)j n>d GD3 derivatives »n the mouse 
Table 4. Cell surface reactivity of anusera induced bv CD, 

with three human melanoma cell \,nes - 



Target cell Kne^ 



Vaccine 



Dose 



GD3 


0.1 us 




I n& 




10 ug 




30 


GD3-LI 


10 


GD3-LU 


10 u° 


GD3-A 




GD3-OL 


10 ng 



SK-MEL-H 


SK-MEL-2S 


0/5 


-Z'b 


0/5 


0/5 


3/20 


3:20 


4/5 


4;5 


7/2C 




1/15 


C'l5 


C/15 


0/15 


C/15 


0/1? 



SK-MEL-3V 

C/5 

0/5 

0/20 

1/5 

1/0C 

1/15 

0/15 

C/15 



cxprc^ea m number of reactive mice 



' Reactivity was determined by I A ami J | ? A * \ % ob «rv«d. 

, m munized with a P «« vaCC ^ s ° u Z e- SK-MEL- »*> M« SK-MUL-2* moderate; SK- 
: Level of GD3 expression on ,ell surtace. 
MELOl low. 
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increased. Several reports indicate th.it chemical modification mav augment 
the immunogenicity oi ganglioside molecules. Ganglioside derivatives thai 
have been previously reported to induce antibody production more readilv 
than the parent molecules include GM I methylester. GM I gangliosidol and 
GMl-N-methylamidc (26, 27), GM3 lactone (14, 2S) and O-acctvlation 
products of GD3 (10). 

We report here that modifications of GD3 resulting in enhanced 
immunogenicity include the lacto:*:. amide and gangliosidol congeneres. 
The changes in the molecular structure of GD3 involve loss of charge and 
altered configuration, hvdrophobicitv, rigiditv and stabilitv. Which of these 
ch anges are involved in enhancing immunogemcitv is not known. One 
feature of structurally modified gangliosides is tlieir reduced susceptibility 
to enzymatic action (26, 29, 30). Higher immunogenicity might result from 
greater resistance to metabolic degradation, making a lower dose of a GD3 
derivative equivalent to an higher dose of GD3. Alternatively, increased 
immunogenicity might be the consequence ot presenting molecular confor- 
mations not known to be expressed in mammalian tissue. We have found 
that the differential expression ot individual gangliosides in normal tissues 
of mice and humans is inversely proportional to their ability to elicit 
antibody production in these two species (24), suggesting that normal tissue 
expression rather than chemical structure determines ganglioside im- 
munogenicity. 

We were initially impressed by the high-tiicr antibodies against GD3 
detected by ELISA after immunization with some Gf)3 derivatives 
(Table 2). However, further testing by dot blot immune stain on nitrocellu- 
lose or immune thin-layer chromatography on silica gel plates showed no 
^reactivity with GD3. In our hands, results of dot blot immune stains on 
nitrocellulose and immune thin-layer chromatography on silica gel plates 
correlated much better with cell surface reactivity than results of ELISA. 
Others have also reported that ganglioside antisera show reactivity in 
ELISA on plastic surfaces but not in other types of tests (3 1 ). It appears that 
epitopes expressed by purified ganglrosides in ELISA wells are not neces- 
sarily the same epitopes expressed on oilier artificial matrices or on the cell 
surface. 

In our studies, antisera raised with GD3 amide or GD3 gangliosidol were 
highly specific for the respective immunogen and showed almost no 
reactivity with GD3, while antibodies induced by GD3 lactone I (but not 
lactone II) were equally reactive with GD3 lactone I and with unmodified 
GD3. Furthermore, these antibodies were reactive with human melanoma 
cells expressing GD3 on their cell surface, but not reactive with melanoma 
cells not expressing GD3. Only the GD3 lactone I configuration appeared 
to be close enough to that of GD3 to induce .v cross reactive immune 
response. Similar observations have been made with GM3. Yi; et al. have 
suggested that the increased hvdrophobicitv and the more rigid structure o* 
GM3 lactone as compared with native GM3 might favor immunological 
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..-o-nmon (321. and Nok.s ci al. (H. 2S) kne shown that an immune 
;r s ponsc a R ain« GM3 could he induced with CM) lactone bur not w.,h 

U Ouf ^^est ,.»t chemical .no.lifica.ion; of ^ 
■ liosides mav increase their immuno S cnicity and that some chcm.^ll> 
Modified melanoma canglioside, can bo used to construct •m<n»noRenK 
; JC c Is tor immunisation oi patients with melanoma. We need to keep .n 
mTnd? however, that the human immune sy«em may not £ 
Tame epitopes that are recognized in the mouse. Stud.es ,nvest. R a .ng At 
Tmune response of patients with melanoma to .mmun.zauon wuh GD3 
derivatives are now underway. 
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